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Abstract: The exponential growth in mobile data traffic has resulted in massive energy usage and 
therefore has increased the carbon footprint of the Internet. Data network operators have taken sig-
nificant initiatives to mitigate the negative impacts of carbon emissions (CE). Renewable Energy 
Sources (RES) have emerged as the most promising way to reduce carbon emissions. This article 
presents the role of renewable energy (RE) in minimizing the environmental impacts of mobile data 
communications for achieving a greener environment. In this article, an analysis of some selected 
mobile data network operators’ energy consumption (EC) has been presented. Based on the current 
statistics of different mobile network operators, the future energy values are estimated. These esti-
mations of carbon emissions are based on the predicted data traffic in the coming years and the 
percentage consumption of energy from renewable sources by the network operators. The analysis 
presented in this article would be helpful to develop and implement energy policies that accelerate 
the process of increasing the renewable shares in total energy requirements. Incrementing the share 
of renewable energy in total energy requirements can be a way forward to reach Goal 7 of the United 
Nations Sustainable Development Goals (SDGs). 




The enormous growth rate in mobile data communications has amplified its contri-
bution to global carbon emissions. The exponential increase in the energy requirements 
of network operators is evident in [1,2]. Mobile data traffic is expected to be sevenfold in 
the year 2022 from the year 2017 as per the estimates of the Cisco Visual Networking Index 
(VNI) [3]. Table 1 shows the list of acronyms and symbols used in this paper. The annual 
mobile traffic run rate in 2022 is expected to exceed 929.9 exabytes from 138.1 exabytes in 
2017. The Compound Annual Growth Rate (CAGR) of mobile traffic will be 46.4%, which 
will be double fixed IP traffic CAGR. According to the forecast, the mobile data traffic in 
2022 will be 113 times that of 2012. It is also estimated that the mobile data traffic share of 
Global IP traffic in 2022 will be increase to 20% from 9% in 2017. The monthly mobile 
traffic increment in 2022 concerning the total number of mobile end-user devices is ex-
pected to reach 9.0 Gigabytes from the 1.5 Gigabytes in the year 2017. Similarly, per month 
mobile traffic per mobile connection is expected to increase until 6.3 Gigabytes in the year 
2022 from the monthly traffic of 1.3 Gigabytes in the year 2017. The difference between 
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the monthly traffic has been shown in Figure 1. The expected monthly traffic rise per user 
and per head in the year 2022 from the year 2017 is also illustrated in the figure. It is esti-
mated that the monthly mobile traffic per user will increase to 13.3 Gigabytes from 2.3 
Gigabytes in the year 2017. Monthly traffic per head from 1.5 Gigabytes in the year 2017 
is also expected to reach 9.7 Gigabytes in the year 2022. It is a known fact that base stations 
are the most energy-consuming component of the mobile network [4]. Base stations con-
tribute around 70% to the total energy usage of mobile networks [5]. The rise in mobile 
data traffic results in the growth of mobile base stations energy consumption. The rise in 
mobile data traffic results in the growth of mobile base station energy consumption. 
Therefore, the huge energy requirements and its subsequent carbon footprint for the an-
ticipated data traffic statistics in 2022 can easily be imagined. Thus, energy efficiency has 
become one of the critical factors of mobile communication for ensuring sustainable use 
of energy. The use of RE is considered one of the promising solutions to a way forward 
towards the efficient use of energy. 
Table 1. List of used Acronyms and Symbols. 
CE Carbon Emissions 
CAGR Compound Annual Growth Rate 
CSR Corporate Social Responsibility 
DU Data Usage 
EC Energy Consumption 
GWh Gigawatt hours 
HOMER Hybrid Optimization Model for Electric Renewable 
HRES Hybrid Renewable Energy Systems 
IoT Internet of Things 
MGEU Maximum Green Energy Utilization 
MEC Multi-access Edge Computing 
PV PhotoVoltaic 
RE Renewable Energy 
RES Renewable Energy Sources 
SDGs Sustainable Development Goals 
VNI Visual Networking Index 
 
Figure 1. Anticipated Mobile Data Traffic per Month from 2017 to 2022 by Cisco VNI [6]. 
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A large amount of energy usage and its consequent harmful carbon emissions stim-
ulate the mobile data network operators to apply energy efficiency techniques in mobile 
communications. Network operators are focused to reduce carbon footprints. Renewable 
energy is considered one of the most promising techniques to reduce the carbon footprints 
of mobile data communications. The use of renewable energy is assisting mobile data net-
work operators in attaining sustainable energy usage [7,8]. The current status of the net-
work operators using renewable energy to reduce harmful emissions and their future tar-
gets are summarized in Table 2. The data in Table 2 have been compiled from the most 
recent available sustainability reports of network operators. The table shows the current 
usage status of RE by different mobile data network operators. The table also specifies the 
carbon footprints of the mobile data network operators. The targets of the mobile data 
network operators related to the incremental use of RE and reduction in CE according to 
the years are also specified in the table. From the table, it can be observed that most of the 
network operators are aiming to attain all their energy requirements through renewable 
energy sources. 
Table 2. Current Status and Future Targets of Network Operators related to Renewable Energy Utilization and Carbon 
Emissions. 
Network Operator 
















Deutsche [9] 52% 2% 100% 90% 2021 1, 2030 2 2017 
Telefonica [10] 81% 18% 100% 70% 3 2030 2015 
Telstra [11] Negligible 40% 4 NOT Stated 50% 2030 2017 
T-Mobile [12] 100% 9% Already 100% NOT Stated N/A N/A 
Verizon [13] N/A 28% 5 50% 50% 2025 2016 
Virgin Media [14] 100% 22% Already 100% NOT Stated 2020 2014 
Vodafone [15] 15% 3% 100% 50% 2025 2017 
1 Targeting 100% renewable energy by 2021; 2 Targeting 90% reduction in emissions by 2030; 3 Targeting carbon-neutral 
environment by 2050; 4 Quantity shows the reduction in emission intensity (tons/petabyte) not in emissions; 5 Same as 
Telstra, quantity shows the reduction in emission intensity (tons/petabyte) not in emissions. 
The importance of estimating future energy requirements and their consequent car-
bon emissions cannot be ignored when developing an effective energy policy for the fu-
ture. In [16], the energy policy forum emphasized the importance of policy creation to 
achieve the targeted energy efficiency. The forum also stressed the importance of data 
collection for reliable energy predictions to make realistic and successful energy usage 
plans. The forum has highlighted that consistent estimates are necessary so that policy-
makers can make useful energy policies accordingly. 
The main contribution of this article is the forecasting of future carbon footprints of 
the network operators through the statistical analysis of current strategies followed by the 
operators. The statistics are gathered from the sustainability reports of operators. The 
analysis performed in this article is unique in the way that these estimations are based on 
the extensive exploration of the sustainability reports of the mobile data network opera-
tors. To the best of our knowledge, the predictions for the carbon emissions by the mobile 
data network operator using the thorough analysis of their sustainability and annual re-
ports is first of its kind. Some literature is available in which the generic sort of analysis 
using the available data of the few mobile network data operators is performed [17,18]. 
Energy consumption and carbon emission values are considered and evaluated in [17]. In 
[19], the comparison of Corporate Social Responsibility (CSR) among telecommunication 
companies like Vodafone, Telefonica, O2 and T-Mobile is performed. The comparison in 
[19] is done through the use of sustainability reports published by these operators. In this 
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article, we have extensively discussed the current energy sustainability state of the mobile 
data network operators. The impact of renewable energy utilization over carbon emis-
sions has been evaluated through the present values and based on these observations, 
future sustainability states of the network operators are forecasted. The objective of our 
analysis is that it will help the mobile data network operators to reassess or reorganize 
their plans for attaining their set targets. Additionally, the policymakers for achieving en-
ergy sustainability can also be benefited by the analysis. However, due to the limited 
availability of data, our analysis is limited to only a few mobile data network operators. 
Our methodology is restrained to forecast the carbon emissions of a few mobile data net-
work operators as the complete data of many operators is unavailable. 
The remainder of the paper is organized as follows. Section 2 presents the related 
work emphasizing the importance of renewable energy sources in minimizing the harm-
ful emissions of network communication. In Section 3, the methodology for estimating the 
expected carbon footprints by network operators in the future is presented. Results of the 
estimations are shown in Section 4. The impact of renewable energy usage on carbon emis-
sions is evaluated through the predicted values. The discussion over the estimated results 
and the gap between the targets of network operators and our forecasts are performed in 
Section 5. In Section 6, the precision of estimations has been evaluated. Section 7 has ad-
dressed the impact on data usage of network operators due to the unforeseen coronavirus 
pandemic. Section 8 concludes the articles with a discussion on future research directions. 
2. Related Work 
Renewable energy has the potential to reduce the harmful environmental impacts of 
emissions from ICT. From the literature review, it can be seen that most of the countries 
are taking the benefits of renewable energy to tackle the electricity crisis and diminishing 
the destructive environmental impacts. The importance of renewable energy in minimiz-
ing carbon emissions is discussed in [20]. Vital renewable energy sources include wind, 
solar, biomass, hydropower and geothermal and they are contributing to energy sustain-
ability [21]. The potential of renewable energy generation is not equal geographically. 
However, each country is making all its efforts to generate renewable energy from the 
pool of available sources. Hydropower development has a substantial environmental im-
pact that goes beyond region [22]. The authors in [23] have analyzed the contribution of 
lakes and reservoirs in the SDGs. Hydropower is getting attention as a key renewable 
energy source due to its role in energy sustainability. 
The use of renewable energy is also gaining popularity in a dense network of small 
base stations [24]. To cope with the expected traffic requirements of mobile networks, a 
network of small base stations is being immensely deployed. Although such solutions are 
capable of handling huge future traffic requirements, due to the increased quantity of base 
stations such solutions consume a huge amount of energy. Therefore, the utilization of 
renewable energy in these small base stations is found to be an appropriate solution for 
reducing the energy requirements. In [25], the concept of Multi-Access Edge Computing 
(MEC) is also discussed which adds cloud computing abilities to base stations. The incor-
poration of renewable energy in MEC has also been discussed by the authors in [25]. 
Due to the higher installation cost of renewable energy sources and higher operating 
cost of non-renewable energy sources, hybrid use of both techniques is suggested as an 
optimized solution. Solar or wind-based renewable energy systems are a feasible choice 
for minimizing carbon emissions from network base stations. A Hybrid Renewable En-
ergy System (HRES) is presented in [26], which is used for energy generation. The system 
is a combination of renewable energy sources, including photovoltaic (PV) and Wind and 
fuel cells with hydrogen storage. Due to high conversion efficiency and cheap mainte-
nance cost, fuel cells are considered a prominent programmable source [27]. The system 
has been assessed through numerous sites over the observational period of one year. Sim-
ulations are performed through a voltage based numerical method. In the voltage-based 
process, voltage thresholds are maintained by setting rules in control logic. The procedure 
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is validated on a daily and annual basis. Total energy flux of 4% is observed in validation 
representing excellent results. The method proves to be a sustainable solution as com-
pared to diesel generators for powering base stations. The impact on the performance of 
HRES by the relocation of base stations was also evaluated. It was observed that the area 
with better Renewable Energy Sources (RES) availability performed better than other 
zones. 
In [28], the emergence of the Internet of Things (IoT) in wireless networks is dis-
cussed. The authors argued that the reduction in energy consumption of base stations is 
considered mandatory to make the deployment of IoT successful. A system model is de-
veloped to minimize the energy consumption of networks comprises of hybrid energy 
sources containing conventional and renewable sources. The network consists of macro 
and pico base stations. The solution is constituted by different algorithms that are estab-
lished based on renewable energy distribution, user distribution, traffic statistics and en-
ergy usage prediction at each base station at other time slots. The purpose of dividing the 
solution into multiple algorithms is to minimize the energy costs along with consump-
tions. The simulations are then compared with the nearest association and the Maximum 
Green Energy Utilization (MGEU) algorithms and proven to be promising. 
In rural areas, the non-availability of consistent grid power is the most dominant fac-
tor for using renewable energy. Also, the use of renewable energy is more prevalent in 
rural areas of the world because renewable energy resources, including Solar and Wind, 
are readily available and usable in less congested areas [29]. In [5], the impact of renewable 
energy usage in rural areas of Congo is examined. The energy usage comparison of diesel, 
Wind and solar, and hybrid sources is performed by powering base stations through these 
techniques. The comparison is accomplished using the Hybrid Optimization Model for 
Electric Renewable (HOMER). Using HOMER, technical and economic aspects of diversi-
fied alternatives can be compared. From the analysis of the mentioned energy sources, it 
is observed that pure renewable solutions are viable where these sources are widely avail-
able. In other areas, the combination of renewable and conventional sources is cost-effec-
tive as compared to a diesel generator. 
In [30], it is claimed that solar power is a promising solution for reducing energy 
consumption in areas where electricity is not abundantly accessible. The authors also ar-
gued that the exponential growth of base stations in developing countries of Asia and 
Africa had enhanced the use of renewable energy sources. The reason for this is the una-
vailability of reliable power in these countries. A case study of an African country, Ghana, 
is also presented. Until 2012, 60% of Ghana’s population had no cellular access because of 
the absence of grid power infrastructure. In 2012, a telecom manufacturer deployed ten 
solar base stations in that area. Low power usage has been observed in these base stations 
as compared to the conventional base stations. Each cell site of the solar base station con-
sumes 40 W lesser power than traditional base station cell sites. It is argued that although 
there are few challenges in deploying renewable energy sources in some areas, these prob-
lems can be mitigated. Renewable energy sources can play a vital role in future environ-
mental sustainability. In [31], a scenario is presented, which is implemented on the base 
stations of a European network operator. A switch-off algorithm is proposed which uses 
stored renewable energy. Utilization of allocated renewable energy by the powered-on 
base stations results in the saving of electricity bills. The authors claimed that 20% of the 
total required energy obtained from renewable energy saves 51% of the electricity bill. 
A policy-driven tool [32] developed in China shows the positive impact of renewable 
energy in reducing environmental deprivation. Through the model, it is observed that the 
use of fossil fuels increases harmful emissions by 1.58%, while the use of renewable energy 
reduces emissions by 0.38%. The authors claimed that the model is applicable if the poli-
cies favor its implementation. A prediction model [33] has been developed for calculating 
the impact of renewable energy in China. The model is formed based on the grey predic-
tion model. The percentage of renewable energy in total energy consumption is fore-
casted. 
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3. Materials and Methods 
The negative environmental impacts of massive energy consumption have stimu-
lated the network operators to control energy use. Therefore, several approaches are being 
used by the operators to mitigate the harmful climatic effects. The network operators are 
quantifying their efforts by stating their results in annual and sustainability reports. The 
operators’ goal is to save the environment and reduce carbon emissions by applying sus-
tainable energy usage techniques. In this research work, an extensive analysis is per-
formed by a detailed study of network operators’ sustainability reports. It is observed that 
almost all the operators are targeting to take benefits from renewable energy sources for 
reducing the footprints. We have selected three of the network operators who are working 
on multiple continents for the estimation of their future emissions. The chosen network 
operators include Vodafone, Telstra, and Telefonica. Vodafone has been operating in 25 
countries. Telstra is the leading telecom operator in Australia. However, Telstra is operat-
ing in 20 countries worldwide. The third data network operator, Telefonica, has also been 
working in 25 countries. The reason for selecting these three operators is that Vodafone, 
Telstra and Telefonica are among the world’s top ten telecommunication networks. These 
companies have subscribers from all over the world. Some of the leading telecommunica-
tion companies are working in numerous countries. However, their significant share is 
from one country, like AT&T, which generates more than 90% of its capital share from the 
USA only. The reason for the inclusion of Telstra is to check the status of relatively smaller 
network operators regarding energy efficiency. The secondary reason for considering 
these three network operators is that the operators’ most current and comprehensive data 
is also available, through which analysis can be performed. 
The energy consumption growth of mobile networks is reasonable due to the rapid 
escalation in mobile data usage. The network operators are motivated to reduce the harm-
ful effects of energy use; that is, the harmful carbon emissions are required to be dimin-
ished. These emissions can be controlled by applying energy-efficient techniques, includ-
ing renewable energy. Table 3 shows the Energy Consumption (EC) of the selected net-
work operators in the last thirteen years. The article has discussed the reductions in emis-
sions due to the use of renewable energy sources. In this article, we are calculating the 
expecting growth rate of data and its resultant energy consumption. The trends of renew-
able energy share in whole energy use and carbon emissions are then predicted as per the 
estimated expansion in energy requirements. In the case of forecasting growth rate from 
the historical data with regular intervals, Time Series Analysis was found to be a reliable 
statistical method. Forecasting methods through Time Series are evolved over 50 years. 
The estimations using Time Series are considered to be highly accurate in normal situa-
tions because multiple parameters are considered in the forecasting [34]. Therefore, we 
have chosen Time Series Analysis in this article for estimating the future CE against ex-
pected Data Usage (DU). Our analysis aims to determine the contribution of renewable 
energy usage in reducing the mobile data network operators’ CE despite the huge data 
usage. The data in time series can be analyzed through three different models. We have 
chosen a trend-based autoregressive model [35] of time series analysis which is the appro-
priate analytical method in our case. We have collected the data on yearly basis and the 
predictions are to be made for future years. We have estimated the values for the next 6 
years only as the trend analysis has to be cautiously applied over short periods [35]. The 
generic formula for a trend-based autoregressive model can be represented as 
   =  0 +   1  , (1)
where   is variable to be predicted,   is the independent variable,   is a period of pre-
diction,    and    are the coefficients. 
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Table 3. Energy Consumption (EC) of Network Operators. 
Network Operators 
 Energy Consumption (GWh) 
Year Vodafone [15] Telefonica [10] Telstra [11] 
2007 2690 4196 1625 
2008 2996 4280 1685 
2009 3044 4528 1630 
2010 3278 5107 1695 
2011 4117 5229 1653 
2012 4454 5211 1692 
2013 4723 6562 1663 
2014 5222 6385 1656 
2015 5735 7031 1669 
2016 6077 6866 1635 
2017 5561 6901 1617 
2018 5569 6991 1594 
2019 5582 6958 1635 
4. Results 
The data from the year 2014 to 2019 is taken for estimation. The DUs of the selected 
operators are estimated using Equation (1). For Vodafone, Equation (1) can be re-written 
as 
           = (−1848748) +  (918)    , (2)
where            is the Data Usage in Petabytes of the Vodafone and      is the corre-
sponding year of forecasting the Data Usage values. The values of    and    are deter-
mined through the regression analysis of known values. The predicted values from the 
year 2020 to 2025 are calculated using Equation (2). Figure 2 shows the known values used 
in regression analysis as Blue and predicted values as Red. The DU prediction equation 
for Telefonica is as follows; 
             = (−19331035) +  (9603)    , (3)
where              is the Data Usage in Petabytes of the Telefonica and      is the cor-
responding year of forecasting the Data Usage values. The known and estimated values 
of data usage by Telefonica can be seen in Figure 3. The estimated values have been cal-
culated through Equation (3). Equation (4) shows the data usage prediction formula, and 
Figure 4 shows the current and predicted data usage by Telstra. 
          =  (−3291161) +  (1636)    , (4)
where           is the Data Usage in Petabytes of the Telstra and      is the correspond-
ing year of forecasting the Data Usage values. 
The growth rate in traffic can be seen from Figures 2–4. The DU of Vodafone is ex-
pected to reach 10 Exabytes in 2025. Telefonica data usage is also expected to reach 8 Ex-
abytes. The expected growth rate of Telstra is threefold from the year 2017. The energy 
utilization is also measured using the same statistical procedure through which DU is 
predicted. Using the TREND function, the percentage of renewable energy is calculated 
using the estimated total energy requirements. Equations (5)–(7) represent the prediction 
formula of renewable energy usage for Vodafone, Telefonica and Telstra, respectively. 
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Figure 2. Vodafone Data Usage (DU) Statistics showing Current and Forecast Values. 
 
Figure 3. Telefonica Data Usage (DU) Statistics showing Current and Forecast Values. 
           =  (367.6836) + (0.0698)          , (5)
             =  (−0.8683) +  (0.00019)            , (6)
           =  (0.0174) +  (−7.73x10
−6)         , (7)
where           ,              and           are the Renewable Energy in Gigawatt hours 
(GWh) of the Vodafone, Telefonica and Telstra respectively and            ,              
and           are the Energy Consumption in Gigawatt hours of the Vodafone, Telefonica 
and Telstra respectively (GWh) for the corresponding year of forecasting the Renewable 
Energy values. 
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Figure 4. Telstra Data Usage (DU) Statistics showing Current and Forecast Values. 
The forecasted values obtained from the equations can be seen in Figure 5, which 
shows the impact of renewable energy use over carbon emissions. Figure 5 shows that, 
despite the increase in total energy utilization, carbon emissions are expected to decrease 
with the increased renewable energy usage. From Figure 5a, it can be observed that the 
percentage of renewable energy usage in total energy requirements by Vodafone is ex-
pected to decrease. Vodafone has planned to do agreements with few firms to attain 100% 
of energy from renewable energy sources by 2025. However, no technical and quantitative 
details of these agreements are mentioned. Therefore, these prospected agreements can-
not be included in forecasting. 
The contribution of renewable energy from recent years in Vodafone estimates that 
the percentage of renewable energy in total energy requirements will decrease in the fu-
ture. The targets of Telefonica appear to be well assessed, as evident from the calculated 
values in Figure 5b. It can be witnessed from the forecast that by 2030, Telefonica expects 
to fulfill all energy requirements from renewable energy sources. From the analysis, it is 
noticed that initially, the share of renewable energy usage is likely to decline as compared 
to its current use, due to the enormous increase in data usage. Despite the initial reduction, 
the use of renewable energy sources is estimated to increase afterward. From the analysis 
of Figure 5c, it is clear that the percentage of renewable energy use by Telstra appears to 
be constant. Telstra has not specified any target for achieving any specific range of renew-
able energy sources; however, Telstra supports the incremental use of renewable energy 
sources. 
The inclusion of renewable energy sources in overall energy consumption impacts 
the growth of carbon emissions. The use of renewable energy makes network operators 
able to contribute a large share in sustainability. The reduction in carbon emissions con-
cerning the use of anticipated renewable energy is also forecasted through our analysis. 
Figure 5 shows the estimated values of carbon emissions. These values are calculated us-
ing the following formulas; 
           =  (3.9625) + (−12.6812)          , (8)
             =  (2.0226) +  (−1.3305)           , (9)
          =  (2.1617) +  (−131.6342)         , (10)
where           ,              and           are the Carbon Emissions in million tons of 
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          are the Renewable Energy Consumption in Gigawatt hours (GWh) of the Voda-
fone, Telefonica and Telstra respectively for the corresponding year of forecasting the Car-
bon Emissions values. 
Equations (8)–(10) are the formulas for forecasting the values of carbon emissions by 
Vodafone, Telefonica and Telstra, respectively. From the estimated costs shown in Figure 
5, it can be observed that renewable energy is a handy tool for achieving sustainability. 
From the analysis of Figure 5a, it is noticeable that the carbon emissions are anticipated to 
rise concerning the expected decrease in renewable energy utilization. From the analysis, 
it can be perceived that reducing carbon emissions can only be achieved if the target of 
increasing renewable energy utilization is accomplished. The target of reducing carbon 
emissions to 50% in 2025 in comparison to the year 2017 can only be realized if renewable 
energy use would reach 23% of the total required energy. From the analysis of carbon 
emissions of Telefonica in Figure 5b, the attainment of the target can be observed. It is 
worth noticing that the accomplishment of renewable energy utilization targets results in 
the realization of targeted sustainability too. After analyzing carbon emissions, it was de-
termined, as Figure 5(c) shows, that the overall carbon emissions of Telstra are also ex-
pected to rise. This is because the use of renewable energy by Telstra is predicted to be 










Figure 5. Carbon Emissions Reduction with the Incremental Renewable Energy Share in Total 
Energy Consumption: (a) Vodafone; (b) Telefonica; (c) Telstra. 
5. Discussion 
From the detailed analysis of the selected network operators, it is clear that renewable 
energy plays a significant role in creating a sustainable environment. From the study, it 
can be seen that the network operators using a tremendous amount of energy from re-
newable sources are more rapidly decreasing the carbon footprints than other methods. It 
is observed that due to the enormous data growth, the emissions of all selected network 
operators are expected to rise, although the emission intensity would decrease. The anal-
ysis proves that the total emissions will start to decline only with the incremental use of 
renewable energy. From the current statistics, it can be observed that despite the huge 
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increase in data usage, carbon emissions will ultimately reduce with the incremental us-
age of renewable energy. The data usage of Vodafone increased by 29% from 2018 to 2019. 
However, the percentage increment in the use of renewable energy is only 1%–2%. There-
fore, the decrement in carbon emissions will be only 3% from 2018 to 2019. Similarly, the 
data usage of Telstra from 2018 to 2019 is increased by 19% with the 5% incremental use 
of renewable energy. The resultant reductions in carbon emissions are only 4%. In the case 
of Telefonica, the data usage has been increased by 21% from 2018 to 2019 with a 27% 
increase in renewable energy usage. The huge increase in the percentage use of renewable 
energy causes the carbon emissions to be reduced by 22%. The same trend is expected to 
be followed in the future as per our analysis. It can be easily noticed that Telefonica is 
expected to reduce the huge percentage of carbon emissions due to the significant per-
centage of renewable energy use. However, the reductions in the carbon emissions of Vo-
dafone and Telstra are expected to occur at a very lethargic pace verifying the significance 
of renewable energy use. In Table 4, the comparative study in the rate of change of emis-
sions also signifies that fact. From Table 4, it can be observed that except Telefonica, the 
carbon emissions of the other two networks are expected to rise. Negative values in Table 
4 imply an increase in emissions rather than a reduction. The factor that involves the 
growth of emissions of Vodafone and Telstra is the decrement in the share of renewable 
energy. From the analysis, it can be noticed that the use of renewable energy by Vodafone 
is estimated to decrease, which causes a considerable percentage increase in carbon emis-
sions of Vodafone. 
Table 4. Estimated Reduction in Carbon Footprints of International Telecom Operators. 
Reduction in Carbon Footprints 













22 −31 12 −04 46 9 
6. Validation 
The estimation results are validated through two different methods. In the first tech-
nique, the available data of the mobile network operators is for the years before 2014. In 
this technique, we take the difference between the actual value and the obtained value as 
per Equations (8)–(10) for respective operators. In the next step, the ratio of the difference 
to the actual value will give the percentage error in the estimation. The percentage error 
in the estimated values has been calculated for validating the precision of the forecast. The 
percentage error in the prediction is shown in Table 5. It can be observed that for Tele-
fonica and Telstra, the results are very precise, and they are within 5% of the error margin. 
The results of Vodafone are also acceptable as the error margin is within 10%. 
Table 5. Percentage Error in Carbon Emissions (CE) Estimations. 




The second method used for the validation of the results is the calculation of the con-
fidence interval value. In this method, the confidence level of 95% has been taken. The 
confidence interval is obtained by calculating the standard deviation and mean of the 
population. Table 6 shows the results of the confidence interval for each of the operators. 
It can be observed that the resultant confidence interval represents the highly precise es-
timation outcomes. 
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Table 6. Validation of Results through Confidence Interval Calculation. 
 Confidence Interval in CE Estimations (%) 
Operator Mean  ± Confidence Interval 
Vodafone 2.32 ± 0.009128 
Telstra 1.50 ± 0.010806 
Telefonica 0.34 ± 024 
7. Covid-19 Impacts on Network Data Usage and its Carbon Emissions 
The current Covid-19 pandemic has impacted human lives to a large extent, and the 
norms of life have changed. The lockdown situation has turned non-internet users into 
internet users. This has raised 30% to 40% of the total network traffic [36]. The location of 
data usage and the peak usage hours are also changed. The increase in data usage and 
change of sites has led the network operators to invest in more capacity and provision of 
satisfactory services in public areas. The importance of renewable energy has also been 
observed in lockdown days. As per the GSMA press release at the end of May 2020 [37], 
mobile data traffic had marginally decreased in the initial days of Covid-19 but then after 
some time, mobile data traffic continued to increase. According to the report, the UK op-
erator BT and Nordics operator Telia have experienced a 20% increase in mobile data traf-
fic. Telefonica has also experienced a 48% increase in mobile data during Covid-19. Tele-
fonica has claimed that its data usage growth exceeds the total cumulative growth rate of 
the year [38]. From the last 12 months, data growth of 30% was observed. However, a 
month after COVID-19 began, the overall data growth rate had reached 35% (in which 
48% is mobile data traffic and 26% is fixed data traffic) [37,38]. Though all these mentioned 
mobile data operators have experienced incremental data traffic, the electricity consump-
tion has not been changed or differs negligibly. The reason for unchanged electricity is the 
use of renewable energy by these mobile data network operators. BT accomplishes 100% 
of its energy requirements from renewable sources [37]. Similarly, Telefonica also fulfills 
almost 100% of its energy requirements from renewable sources in Europe. As per our 
analytical results in Equation (3), the DU of Telefonica in 2020 was expected to reach 7776 
Petabytes, but due to the corona pandemic, it has already reached 9741 Petabytes. If we 
use this DU to calculate the percentage of RE in total energy requirements, the proportion 
of RE would rise to around 97% as per Equation (6) due to which CE values are also under 
control. Our analytical results are satisfying the fact presented in the GSMA report that 
Telefonica mobile DU has been increased in Europe including in the UK, Germany and 
Spain. According to the reports, Telefonica uses renewable sources for almost 100% of its 
operations in Europe. 
According to the reports, Vodafone data usage has increased by 15% [39]. The mobile 
data of Vodafone in Italy and Spain has enlarged by 30%. According to our analysis and 
as per Equation (2), the increase in the DU of Vodafone from the year 2019 to 2020 was 
expected to be between 16% to 18%. However, the corona pandemic has already made the 
DU of Vodafone increase by 15%. As per our analysis, with the increase in DU of Voda-
fone, the EC is expected to increase. The share of renewable energy is anticipated to de-
crease with the incremental energy requirements of Vodafone. Consequently, the CE of 
Vodafone is predicted to reach a higher value as per Equation (8). Vodafone has been 
committed to using 100% of renewable sources in its operations, but our analysis indicates 
that it will take more time. Vodafone recently has also made some new commitments to 
make its all operations through renewable sources by mid-2021 [40]. As per the Environ-
mental, Social, and Governance (ESG) Addendum [41], the renewable energy source con-
tribution by Vodafone has been increased to 25% in 2020. However, that report is not com-
prising of the complete year of 2020. Therefore, due to the Covid-19, the percentage of 
renewable energy may decrease. 
  
Sustainability 2021, 13, 1886 14 of 15 
 
8. Conclusions 
The article has discussed the role of renewable energy sources in the energy efficiency 
of network operators. Renewable energy sources have been very effective in reducing car-
bon emissions. More and more telecom data network operators are migrating to renewa-
ble energy sources. We have presented a predictive analysis of carbon emissions and per-
centage use of renewable energy of three large international data network operators fol-
lowing their current state. The analysis indicates that the carbon footprints can be easily 
controlled with the incremental use of renewable energy. The forecasted values indicate 
the greener impact of the network operators using more energy from renewable sources. 
Our predictive analysis and case study can help in formulating a global and regional re-
newable energy usage policy for mobile data network operators and related services. In 
the future, the analysis can be extended to the regional level provided the data of the ma-
jority of the mobile data network operators in the same region will be available. 
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